. Synthesis rates of mixed muscle protein in plantaris muscles of fed and starved rats in response to glucagon and insulin Hemicorpus preparations from fed and starved male rats were perfused for SOrnin, including 35 min with [U-l'C]tyrosine. Where applicable, glucagon was added to a concentration of lpg/ml of perfusate and insulin to a concentration of 25 m-i.u./ml of perfusate. Fractional synthesis rates were calculated from specific radioactivities of free and proteinbound tyrosine in muscles removed at the end of the experiment. Results are presented as means 4 S.E.M. with the numbers of observations in parentheses. Significance of differences between pairs of values: *P < 0.01 ; tP < 0.05; $P < 0.02. (1975) . Food pots were removed from the animals in the starved group 25 h before measurement of rates of protein synthesis in vitro. Details of the perfusate and the method of measuring synthesis rates from the incorporation of IUWtyrosine were as previously described (Preedy et uf., 1979). Where applicable, insulin and glucagon (gifts from Novo Laboratories, Basingstoke, Hants., U.K.) were added to the perfusate so that the initial concentrations were 25 m-i.u./ml and 1 pg/ml respectively. [U-14C1Tyrosine was added to the perfusate 15min after the start of the perfusion. Fractional synthesis rates were calculated from the specific radioactivities of intracellular and protein-bound tyrosine in the plantaris muscle taken at the end of 50min perfusion. Table I shows an increase in synthesis rates after addition of insulin to preparations from starved rats. High concentrations of glucagon, however, suppressed the synthesis of mixed muscle protein in plantaris muscle from both fed and starved groups. As there is some doubt as to whether the specific radioactivity of the free [U-14Cltyrosine at the site of protein synthesis is represented by tissue intracellular or perfusate plasma values, calculations of synthesis rates were also made by using perfusate and protein-bound specific radioactivities. The same results were obtained, i.e. an increase with insulin and a decrease with glucagon. Additional evidence for an effect of glucagon was obtained by the observation of a decrease in the intracellular concentration of branched-chain amino acids in gastrocnemius muscles from the fed group (V. R. Preedy, P. G. Broadbent & P. J. Garlick, unpublished work).
Fractional synthesis rates (%/day)
These results may have important physiological implications. If glucagon were to behave similarly at normal physiological concentrations in vivo one could postulate that the increased glucagon concentrations observed in various pathological states could be partially responsible for a decreased synthesis of protein in muscle. For example, hyperglucagonaemia is often observed in experimental and non-experimental diabetes. Thus the concept that the decrease in muscle protein synthesis seen in experimental diabetes (e.g. Pain & Garlick, 1974) is largely due to a deficiency of plasma insulin has to be re-examined in the light of these results.
In conclusion, addition of glucagon to the perfusate of rat hemicorpus preparations suppresses the synthesis of plantaris muscle protein from both fed and starved rats. It is therefore possible that this effect may be important in the regulation of protein metabolism in the whole animal. The presence of fat droplets in myelinating glia before the commencement of myelination has frequently been observed in certain regions of the central nervous system (Gilles, 1976) . Such 'fatty' glial cells are no longer apparent during and after the active phase of myelination. 'Fatty' glial cells may arise as a result of active lipid biosynthesis preceding myelin membrane formation. This is suggested by previous results where the maximal activity of fatty acid synthesis in cerebral cortical tissue occurs before myelination in the rabbit and rat (Cantrill & Carey, 1975) , whereas other lipogenic activities implicated in the formation of specific myelin components, such as fatty acid elongation (Carey & Parkin, 1975) and cerebroside formation by UDP-galactose-ceramide galactosyltransferase (ConstantinoCeccarini & Suzuki, 1975) , are maximal at the time of maximum myelin deposition. Therefore 'fatty' glia could originate from enhanced lipid deposition before membrane proliferation. The lipid may act as a precursor pool for myelin acyl groups after further transformations. Fat-laden cells are also common in human infant brain in pathological conditions such as congenital heart defects with impaired respiration. Neutral lipids (triacylglycerol and cholesteryl ester) are absent or present in very small amounts in the mature central nervous system, but there are no data on the late foetal or early neonatal brain. Tissue slices of cerebral cortex synthesize triacylglycerol from glucose at the early neonatal stage (Carey, 1975) . Therefore it was of interest to examine the metabolic activity for triacylglycerol synthesis and hydrolysis in a more defined cell fraction.
Cells were isolated from 17-day-old rat brain by a method described previously (Carruthers & Carey, 1979) . Oligodendroglial and neuronal cell bodies, devoid of membrane processes, were characterized by light and electron microscopy, anticerebroside antiserum, 'marker' enzymes and protein profiles on sodium dodecyl sulphate/polyacrylamide-gel electrophoresis.
For the incorporation of fatty acids into glycerolipid, intact or disrupted cells were incubated with 0.5 mM-1 l-14C]palmitate or [ l-14C]linoleate bound to bovine serum albumin for periods up to 4h in a phosphate-buffered medium containing glucose (Carruthers & Carey, 1979) . Lipids were extracted and 587th MEETING, DUNDEE separated by t.1.c with non-polar or polar solvent systems. Radioactivity in individual lipids was determined by scanning or after transfer of the silica gel into scintillation fluid. Palmitate was rapidly incorporated (maximal after l0min) into the triacylglycerol fraction by isolated oligodendroglia from myelinating rat brain, whereas neurons incorporated palmitate into triacylglycerol at a lower rate. Added sn4 1,3-3Hlglycerol 3-phosphate was without effect on exogenous fatty acid incorporation into triacylglycerol and no 3H was incorporated into triacylglycerol. Analysis of the radioactive fatty acids of the triacylglycerol fraction by radio-g.1.c. showed that the bulk of the radioactivity was present in palmitate. From the decrease in the specific radioactivity of palmitate with increasing incubation time, there appeared to be two pools of triacylglycerol, with half-lives for palmitate of 0.1 and 16h. By contrast, linoleate was incorporated into phospholipids at a similar rate by glia and neurons. The acylation of 13Hlglycerophosphate was 2-fold higher in glia compared with neurons. Glia from adult bovine brain white matter also incorporated palmitate into triacylglycerol, but to a much lesser extent than glia isolated from myelinating brain. The results indicate that there could be a pool of endogenous diacylglycerol that can be rapidly acylated by saturated fatty acids in myelinating glia.
The hydrolysis of triacylglycerol by isolated cell homogenates was determined by using a sonicated emulsion of trioleoyl~n-(2-~H]glycerol in 0.1% Triton X-100. At pH 7.4, myelinating glia homogenates hydrolysed the trioleoyl-glycerol to glycerol (0.15prnolh1 per mg of cell protein). With 75pg of protein glycerol release was linear with time of incubation for up to 1 h. Radioactivity in diacylglycerol also increased. Neuronal homogenates and glia from adult brain white matter possessed very low activity for triacylglycerol hydrolysis. No triacylglycerol could be detected in isolated cells.
The capacity for active triacylglycerol synthesis is a characteristic of oligodendroglia at the time of myelination. Triacylglycerol may accumulate for a short period of cell differentiation, with subsequent release of fatty acid. Short-term regulation of triacylglycerol metabolism in isolated glia may be similar to the hormonal regulation of C6 glioma cells (Volpe & Marasa, 1975) .
